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In connection with a  general investigation of the absorption and 
utilization of mineral elements by plants, various observations on the 
cells of Nitella clava~a were previously reported.  1,2  The primary ob- 
ject of the experimentation is to gain some additional insight into the 
fundamental processes of absorption in their relation to the nutrition 
of higher plants.  Special attention has, therefore, been given to dilute 
solutions, comparable to soil solutions, and to the intake of mineral 
elements by various types of plant cells from the point of view of 
growth  and  metabolism,  rather  than  that  of  permeability  per  se. 
Certain phases of the general problem which were previously outlined 
have now received further study and the development of a number of 
new methods of procedure has made it possible to obtain much more 
extensive and  satisfactory  data  than  heretofore.  Reference to  the 
recent work of Osterhout and his colleagues on  Valonia and Nitella 
will be deferred until later in the discussion. 
In our earlier experiments on Nitella certain preliminary data were 
obtained  on  the  absorption  of  bromine.  This  element seemed to 
offer promise of being useful in studying the phenomena of absorption, 
since it is non-toxic or practically so in low concentrations, and is not 
normally present in the cell sap of these plants.  At first the estima- 
tion of bromine was made by a colorimetric method, but this was not 
found to be satisfactory for quantitative work and it did not appear 
I Hoagland, D. R., and Davis, A. R., J. Gen. Physiol., 1922-23, v, 629. 
2 Hoagland, D. R., and Davis, A. R., J. Gen. Physiol., 1923-24, vi, 47. 
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that any technique so far described for determining bromine met our 
particular  requirements.  One of the writers  (P. L. Hibbard), there- 
fore,  devoted considerable effort to devising a  method suited to the 
purpose.  Eventually, it was found possible to determine bromine in 
the presence of chlorine or iodine with the use of very small quantities 
of cell sap (1 cc.) and within a reasonably short time.  The analytical 
procedure and the magnitude of the error, when this method is applied 
to plant sap, are discussed elsewhere.  8  Considering the very minute 
absolute quantities dealt with, the accuracy of the results was better 
than  might be  anticipated.  As a  rule errors  other  than  those con- 
nected with the analysis limited the interpretation of the data, except 
in  those  cases  in  which very  small  concentrations of bromine were 
present in the sap, when the percentage of error in the analytical data 
was unavoidably high.  Nearly  all analyses were made in duplicate 
and the experiments were also duplicated or repeated.  It is believed 
that due care has been taken to limit the conclusions in accordance 
with the significance and consistency of the results, as will be further 
indicated  in  the  discussion  of  the  specific  data.  Fortunately,  the 
effects we sought to demonstrate were of large relative magnitude so 
that they stand out quite clearly.  At the present stage of develop- 
ment, it is extremely doubtful whether anything would be gained by 
any considerable refinement of the experiments, which might involve 
an almost prohibitive amount of labor. 
Cell sap only slightly contaminated was obtained by the method of 
breaking  individual plant  cells in  the manner previously  described. 
Cells used for this purpose were very turgid and varied in length from 
½ to 3 inches.  In addition to this method of obtaining sap, in a  few 
experiments, sap was also prepared by expressing (by hand  pressure) 
the masses of cells remaining after nearly all the large cells had been 
selected out.  The sap prepared in this way and filtered is designated 
as "expressed sap" and that derived from individual cells as "cell sap." 
The different substances were present in the expressed sap in concen- 
trations only about one-half those of the cell sap.  Of course,  there 
must have occurred a very appreciable dilution of the cell sap in  the 
former case by water still  adhering to the outer surfaces,  even after 
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shaking  the mass of cells vigorously, but it is also possible that  the 
many very small cells (not more than ¼ inch in length)  contained sap 
of lower concentration  than  that of the sap in the large cells.  Con- 
clusions with regard to the general relations existing between the cell 
sap and the external medium would have been very similar  if the  ex- 
pressed sap alone had been considered, but the results on  the cell sap 
are  obviously more  definite  and  convincing,  and,  furthermore,  the 
expressed  sap  cannot  give an adequate  idea  of the  extent  to which 
certain elements may become concentrated in the vacuole. 
,In  many  of  the  experiments  it  was  found  convenient  to  use  a 
general culture solution to which bromide was added as desired.  This 
solution  was buffered with  phosphate  and had the following approxi- 
mate composition. 
KH,PO~ .............................................  5  ru~lH-equivalents 
Ca(H2PO4)2  ..........................................  2  " 
NaOH .................................................  6  " 
pH  ...................................................  5.0-5.4. 4 
During  the course of experiments  of extended duration  the initial 
pH value of the culture solution usually increased by several tenths, 
whether  as  a  result  of  selective absorption  or because  of  the  lime 
deposits  frequently  adhering  to  the  outside  surfaces  of  the  cells. 
Solutions of the composition stated above were not found to show any 
apparent  toxicity within  the time of the experiments.  Under favor- 
able environmental  conditions, masses of cells could be kept in such 
solutions over periods up to 2 months in as good a condition as in tap 
water.  Bromides in a concentration of .005 molar were not toxic as far 
as could be observed and much  higher concentrations produced only 
very slight injury, if any.  Of course, in any solution,  there occurs a 
gradual dying off of a  certain number of cells, but this was not more 
noticeable with the experimental solution than with tap water  for the 
4  Loss of chlorine accompanied by injury was not found to occur unless the pH 
value was below  4.8.  The marked loss of chlorine and injury beginning at about 
pH 4.4 is correlated by PearsaU (Pearsall, W. H., and Ewing, J., New Philologist, 
1924, xxiii, 1923) with the isoelectric point of the Nit~lla proteins.  With regard 
to the pH value of the cell sap, the various treatments  were not found to alter 
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periods in question.  In both types of media, under appropriate  con- 
ditions of light and  temperature,  much  new growth took place in  the 
course of a  month  or more.  After 2  or 3  months,  cells kept  in  these 
solutions showed evidence of injury,  but  a  complete culture solution 
TABLE  I. 
Comparison  of Concentration  of fir and  CI in Sap from Cells Exposed  to Different 
Types of Media Containing KBr or KCl. 
Concentration 
Composition  of medium,  of Br or C1 in  Period of exposure. 
cell sap. 
Buffer solution +  KBr 5.0 m.-Eq  ............... 
KBr 5.0 m.-Eq., no buffer ...................... 
Buffer solution +  KBr 5.0 m.-Eq  ............... 
KBr 5.0 m.-Eq., no buffer ...................... 
Buffer solution "4- KC1 5.0 m.-Eq  ................ 
KC1 5.0 m.-Eq., no buffer ...................... 
Buffer solution +4- KC1 5.0 m.-Eq  ................ 
KC1 5.0 m.-Eq., no buffer ...................... 
Buffer solution +  KBr 5.0 m.-Eq  ............... 
Tap water +  KBr 5.0 m.-Eq  ................... 
m.-EQ. 
22.7  Br. 
24.8  " 
57.0  " 
49.5  " 
127.5  C1. 
118.0  '¢ 
136.2  " 
140.5  " 
20.5  Br. 
11.3  " 
6  days  continuous 
illumination. 
17  days  continuous 
illumination. 
tc  ~¢  ~ 
6  days  continuous 
illumination. 
17  days  continuous 
illumination. 
6 days daylight. 
pH of phosphate buffer solutions -4- KBr and of KBr solutions 5.0-5.4.  pH  of 
tap water +  KBr 7.0 or above. 
Other data prove the lessened absorption from tap water was, to a large extent, 
caused by the influence of the chlorine ions. 
(plus  CaCOs)  containing  bromide  was  as  favorable a  medium  as tap 
water,  judging  by  the  new  growth  obtained  during  the  course  of  a 
year. 
,Later studies showed that the accumulation  5 of Br was very similar 
5 For convenience of discussion, we are using the word  "accumulates" in  the 
sense proposed by Osterhout, i.e. when a substance reaches a higher concentration 
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whether KBr was used alone or added to the buffer solution (Table I). 
It may be noted that the former solutions were not completely free 
of traces of calcium, because of contamination from surface deposits 
on the cells.  Therefore, no conclusion can be drawn with regard  to 
the effect of a complete absence of calcium from the solution, but it is 
evident that in dilute solutions of this character, relatively high in K, 
the calcium added to the solution had no striking effect on the accumu- 
lation  of Br,  and that  the use of buffer salts was not influential in 
determining the course of absorption. 
Most of the experiments were carried out in beakers or wide mouth 
bottles with a capacity of 3 or 4 liters.  From 100 to 125 gm. of cells, 
drained free of excess water, were placed in 3 liters of solution.  The 
mass  of  cells  was  previously washed  thoroughly in  distilled  water. 
At the end of an experiment the cells were removed from the solution, 
first washed with tap water and then with distilled water, after which 
the sap was recovered as already indicated.  Except in experiments in 
which complete analyses were to be made, when several thousand cells 
were used, each sample of cell sap ordinarily represented several hun- 
dred cells and varied in volume between 2 and 4 cc.  Because of the 
large number of cells which each sample of sap  represented, errors 
resulting from the variability of individual cells were reduced suffi- 
ciently to  permit  satisfactory comparisons  of different treatments. 
Incidentally, it may be remarked that while the whole procedure is 
exceedingly  tedious  and time-consuming, no easier way of obtaining 
direct evidence concerning the composition of the cell sap  has been 
suggested, and it is just  this  type of evidence which is most needed 
at the present time. 
Temperature Effects. 
In tkis series of experiments, we desired to obtain some indication 
of the temperature coefficient for the absorption of Br trader controlled 
light  conditions.  Two  double  walled baths  were constructed with 
arrangements for flowing tap water or ice water.  Heat was supplied 
by 100 watt lamps covered with tin-foil and immersed in the water 
contained in the inner compartment.  The lamps were connected with 
a  mercury thermoreguJator capable of regulating the temperature of 
the inner bath to  -4-.1°C.  Mechanical stirrers were placed at one end 
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The Nitella cells were contained in large beakers or jars set in  the 
inner  compartments  and  were  illuminated  by  two  100  watt  lights 
approximately  1  foot  apart  and  suspended  about  1  foot  above  the 
containers.  Porcelain  reflectors  were  used.  It  was  found  that  the 
radiation  from the lights  caused  the  upper few inches  of solution  in 
TABLE  II. 
Concentrations of Br in Sap from Nitella Cells after Exposure to Bromide Solutions 
Kept at Different Temperatures. 
No.  of 
experiment.  Temperature. 
°C. 
10 
20 
10 
20 
10 
20 
10 
20 
10 
20 
14 
24 
Concentration 
of Br 
in cell sap. 
~.-EQ. 
.4 
1.4 
2.2 
6.4 
4.3 
12.3 
4.0 
10.0 
7.1 
16.6 
12.5 
24.4 
Temperature 
coefficient  ~looc.). 
3.5 
2.9 
2.9 
2.5 
2.3 
2.0 
Concentration 
of Br 
in expressed 
sap. 
m.-EQ. 
.3 
.8 
1.2 
3.2 
2.7 
7.0 
1.9 
5.0 
3.6 
8.7 
6.6 
14.7 
Temperature 
coefficient 
(10°C.). 
2.7 
2.7 
2.6 
2.6 
2.4 
2.2 
Period of 
expos~'e. 
6 
25 
50 
52 
68 
72 
In Experiments 1, 5, and 6 the values are averages of duplicate experiments. 
Phosphate  buffer solutions  +  .005 ~  KBr.  Initial pH 4.8-5.1.  Final  pH 
5.6-5.8. 
Continuous  illumination with  two  100  watt lights,  suspended  approximately 
1 foot above the jars containing the cells.  Temperatures of bath kept within  -4- 
.1°C., except for occasional short periods when adjustments were being made. 
which the cells were immersed to be several tenths of a  degree higher 
in temperature than the body of the solution, but the increase was the 
same for both  temperatures  compared.  In any case,  it  was  evident 
that  the  temperature  control  was  much  more  accurate  than  the 
possible  control  of other factors.  In  this  series of  experiments,  the 
illumination was continuous and daylight was excluded. D.  R.  HOAGLAND,  P.  L.  ttlBBARD,  AND  A.  R.  DAVIS  127 
In Table II are presented results showing the concentrations of Br 
found in the sap of cells which had been exposed to solutions kept at 
temperatures 10°C. apart, i.e. 14-24°C., and 10-20°C.  It would have 
been desirable to have made measurements at numerous intervals of 
time for each temperature, but this would have involved the use of 
many large containers kept under definite temperature control, for 
which no facilities were available.  However, while velocity constants 
could not be calculated, the data, taken as a whole, seem to indicate 
quite clearly that  the  temperature  coefficient  (between 2.0 and 3.0 
for 10°C.)  for the absorption of bromine under the conditions speci- 
fied is of the order of magnitude generally characteristic of chemical 
reactions rather than of diffusion processes, and this is the main point 
of interest at present. 
Effect of Light on Accumulation of Br. 
Earlier experiments showed that the removal of C1 from dilute solu- 
tions  was  definitely  influenced by  the  conditions  of  illumination. 
Several preliminary experiments also indicated that the penetration of 
NO3 or of Br into the sap of Nitella cells was likewise accelerated under 
the influence of light.  In the first series of the present experiments, 
the  temperature  arrangements above described were utilized.  The 
exclusion of light, when desired, was accomplished with large beakers 
painted black on the outside and covered loosely over the top with 
black paper.  The periods during which the cells were exposed to the 
solution containing bromide (buffer solution plus 5 mllU-equivalents 
KBr) were relatively short, but there was a marked difference between 
the illuminated and unlUuminated cells in respect to the concentrations 
of Br present in the cell sap at the end of the experiment (Table III). 
Except  in  one  instance,  the  concentrations  of  Br  in  the  samples 
of sap obtained from the illuminated cells were from about two to four 
times those in the sap from the unilluminated cells. 
Subsequently, numerous additional  experiments were  performed 
over longer periods of time, without the use of the temperature baths, 
but with such small differences in temperature between the illuminated 
and uniUuminated cells as to be negligible for this purpose.  In every 
case, exposure to light strikingly increased the ability of the cells to 
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TABLE  III. 
Concentration of Br in Sap from Illuminated and  Unilluminated Nitella  Cells  after 
Exposure to Bromide Solutions.* 
No. of experiment.  Temperature.  Concentration  of  Br in cell sap.  Light condition.  Period of exposure. 
°C. 
10 
10 
20 
20 
10 
10 
20 
20 
10 
10 
20 
20 
t/Z.  -EQ. 
2.2 
1.7 
6.4 
2.6 
4.3 
1.9 
12.3 
3.3 
4.0 
2.2 
10.0 
3.2 
In light. 
"  dark. 
"  light. 
"  dark. 
"  light. 
"  dark. 
"  light. 
"  dark. 
"  light. 
"  dark. 
"  light. 
"  dark. 
~rs. 
25 
50 
52 
* Solutions,  illumination, and  temperature  arrangements  same as described in 
Table II. 
TABLE  IV. 
Concentration  of Br  in Sap from  Nitella  Cells E:¢posed  to  Bromide  Solutions  in 
Continuou's Darkness, with Longer Periods of Exposure. 
No. of  Medium.  Period of  Concentration 
experiment,  exposure,  of Br in cell sap. 
Tap water and 5.0 m.-Eq. KBr, in dark. 
Same, in daylight. 
KBr, 5.0 m.-Eq, in dark. 
Same, in daylight and artificial light. 
KBr, 5.0 m.-Eq, in dark. 
KBr,  5.0  "  "  " 
KBr,  5.0  "  "  " 
Same, in dark. 
days 
5 
5 
7 
7 
5 
2 
2 
6 
m.-Eq. 
5.0 
11.2 
5.2 
19.3 
5.0 
2.5 
1.6 
4.3 
KBr solutions without buffer salts. 
These experiments were carried out at room temperature, averaging about 20°C. 
At the end of the longer periods in the dark,  many small cells had  died, but  the 
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were employed, the concentration of Br in the sap of cells kept in the 
dark did not exceed that present in the outside solution; while the 
sap  from illuminated cells  subjected to  similar  solutions  for equal 
periods of time contained much higher concentrations of Br.  This 
was true of several different media containing bromide (Table IV). 
When media with concentrations of 1 milli-equivalent KBr were em- 
ployed, there was considerable evidence that the concentration of Br 
in the sap could exceed that of the solution, even under conditions of 
darkness,  but  the  quantities involved were  too  small  to  admit  of 
certainty. 
It was not found possible  to keep the cells in the dark for a very 
extended period  because  of  injury  which  was  accelerated by  the 
development of microorganisms.  The question then arose whether 
cells  kept under a  normal condition of alternating periods of light 
and darkness could concentrate Br in the sap during the periods of 
darkness.  It appeared that this point could be tested by alternating 
solutions in such a manner that some cells would have access to Br only 
during the periods  of illumination and other cells  only during the 
periods of darkness.  Accordingly, two experiments of this type were 
carried out.  In the first experiment, the periods were divided approxi- 
mately into 12 hours of illumination and 12 hours of darkness.  At the 
end of each period, a transfer of solutions was made, after washing the 
cells very thoroughly with distilled water.  The result of this experi- 
ment (Table V) was that the sap from the cells having access to Br 
only during the periods of illumination contained Br in a concentra- 
tion several times t~at of the external solution, but in the sap from the 
cells immersed in the bromide solution only during periods of dark- 
ness, the concentration of Br was not greater than that of the outside 
solution. 
This experiment did not indicate that there was any residual effect 
of light but it was deemed advisable to make a further experiment over 
a longer total period of time, with 24 hour periods of illumination fol- 
lowed by 24 hour periods of darkness.  The solutions were changed 
in  the same way as before.  Again a  marked difference was found 
between the cells kept under the two conditions, but the sap from the 
cells placed in the bromide solutions only during periods of darkness 
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of the outside solution.  The concentration in the sap was also much 
greater than  could  occur with cells kept an equal time in  continuous 
darkness.  Evidently,  under  suitable  conditions,  some  effect  of  the 
TABLE  V. 
Absorption of Br in Dark by Cells Exposed to Alternating Periods of Light and 
Darkness. 
Experiment 1. 
(Approxirnately 12 hr. periods of alternating light and darkness.  Total duration i01 hrs.*) 
Concentration  Concentration 
Br in cell sap.  C1 in cell sap. 
A. Cells having access to KBr (concentration 5.0 m.-Eq.) 
only when illuminated. 
B. Cells having access to KBr (concentration 5.0 m.-Eq.) 
only when in dark. 
ra.-EQ. 
18.2 
3.9 
m.-EQ. 
102.5 
116.7 
Experiment 2. 
(Approximately 24 hr. periods of alternating light and darkness.  Total duration i0 days.) 
A.  Cells having access to KBr (concentration  5.0 m.-Eq.) 
only when illuminated. 
B.  Cells having access to KBr (concentration  5.0 m.-Eq.) 
only when in dark. 
C.  Cells having access to KBr (concentration  1.0 m.-Eq.) 
only when illuminated. 
D. Cells having access to KBr (concentration  1.0 m.-Eq.) 
only when in dark. 
37.8 
19.0 
24.9 
6.4 
96.4 
11215 
106.0 
115.8 
Values for concentrations in sap, averages of duplicate experiments.  Solutions 
were buffered with phosphate, as in other experiments. 
Experiment/.--Illumination  by two 300  watt lights suspended  about  1 foot 
above jars.  Temperature 24°C.  4- 1.0°C. 
Experiment 2.--Illumination by two 300 watt lights suspended about  1 foot 
above jars.  In  this  experiment,  diffused  daylight  supplemented  the  artificial 
illumination.  Temperature 20-25°C. 
* First period in light was 17 hrs. duration. 
illumination  can  be carried  over to  a  subsequent  period  of darkness 
and influence  the absorption or accumulation of substances.  It  can- 
not be stated at present whether or not this effect is concerned with a 
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natural  one.  We know that  certain  types of cells must  always  be 
confined to the indirect use of light energy through the oxidation  of 
carbohydrates.  In the case of the Nitella  cells, the ability to store 
easily available sugars seems to be very limited. 
The next experiment on the effect of illumination was planned for 
the purpose of determining how varying the periods of illumination 
during each 24 hours would influence the amounts of bromine con- 
centrated in the cell sap.  In this experiment, the jars containing the 
Nitella  cells were placed in  a  glass  chamber originally designed for 
studying the growth of wheat plants under controlled light conditions. 
The  chamber was illuminated by six  500  watt  Mazda  lights  (with 
~o 
'6  h  ' 
FIG. 1. Relation between number of hours of llh,m~nafion  and accumulation of 
Br in sap of Ni~lla cells.  During periods of exposure, cells were illuminated by 
six 500 watt Mazda lights.  (See  text.) 
metallic reflectors) arranged about the sides and ends of the chamber, 
and approximately 3 feet dlstaut from the jars containing the Nitella 
cells.  The temperature was controlled at 23-25°C. with the aid of an 
air current flowing through the chamber.  The light was cut off from 
certain cells when required by placing over the jars cylinders of heavy 
brown paper with loose coverings for the top.  This arrangement shut 
out  practically,  but  not  absolutely  all  the  light.  The  illuminated 
solutions  had  a  slightly higher  temperature,  about  1°C.,  than  the 
others, but the effects of varying the periods of illumination were so 
great that this factor was negligible in comparison. 
Referrtug to Fig.  1,  it will be observed that  there was a  striking 
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period of illumination.  The greatest concentration was found in  the 
sap from cells exposed to light continuously for 3 days.  The concen- 
trations  of Br  do  not  vary in  direct proportion  to  the  periods  of 
illumination, but an approximately straight line is formed by plotting 
the hours of light against Br concentrations.  The total number of 
pointsis not sufficiently  great to warrant an attempt at a mathematical 
analysis, but there can be no doubt of the influence of the length of 
the periods of illumination.  This  conclusion is in  accord with our 
previous observations On the removal of C1 from dilute solutions. 
With  regard to  the possible  relations  existing between quality or 
intensity of light and the accumulation of Br, it will be necessary to 
make additional experiments.  For the present, it may be noted that, 
in general, the most rapid accumulation occurred where the intensity 
of light was greatest.  One experiment was carried out for the specific 
purpose of comparing two intensities of light, maintaining the tempera- 
ture the  same  (approximately 20°C.)  in  both  cases  within  .2  of  a 
degree.  It was found that doubling the light  (100  and  200  watts) 
increased the absorption 30 per cent as an average of duplicate experi- 
ments which were in  close agreement.  In another test,  the results 
indicated that yellow light  (potassium chromate solution filter), was 
at least as efficient as the white light "from Mazda lamps.  Blue light 
(alkaline copper solution filter) was less effective, but this observation 
has  no  necessary  significance since  the  total  energy values  of  the 
different lights are not known. 
The Effect of Toxic Agents. 
The ability of Nifella cells to concentrate various substances in their 
cell  sap  is  apparently  bound  up  with  the  processes  of  growth  or 
metabolism.  Toxic agents might, therefore, be expected to interfere 
with  such  a  concentrating action.  We  have  made  several  experi- 
ments which seem to support this assumption (Table VI).  Different 
toxic substances were added to  the bromide solutions and  the con- 
centration of Br in the cell sap determined as in the other experiments. 
In some cases, many small cells were killed by the toxic substances, 
but the samples of sap used for the analysis were, of course, obtained 
from those large cells which still remained turgid at  the end of the 
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cells also suffered some injury.  Prolongation of the treatments would 
have resulted in the death of all the cells. 
The  injury  has  evidently  caused,  or  been  accompanied  by,  a  de- 
creased ability on  the part of the cells to concentrate bromine in  the 
TABLE  VI. 
Effect of Toxic Agents on Concentration  of Br in Cell Sap. 
No. of  Concentration  Period of exposure.  experiment.  Treatment.  of Br. 
None. 
1 p.p.m. KCN. 
10  "  " 
None. 
Chloroform. 
None. 
10 p.p.m. KCN. 
20  "  " 
None. 
Chloroform. 
Ether. 
20 p.p.m. KCN. 
Thymol excess. 
28.8 
29.0 
18.2 
19.7 
12.5 
13.5 
14.1 
8.7 
22.6 
9.4 
14.7 
12.5 
12.5 
3  days  continuous  illumi- 
nation. 
5 days dayHght. 
4  "  " 
4  "  " 
Phosphate buffer solutions containing 5.0 milli-equivalents KBr. 1 cc. of ether or 
chloroform added to 3 liters of solution.  Treatment with ether repeated several 
times.  Additional chloroform added once in Experiment 4.  In Experiment 4, 
results are  averages of duplicate experiments, except for last  treatment.  The 
differences between duplicates were much smaller than those between the control 
and the treated cells. 
cell  sap.  Tr6ndle,  6 by  indirect  methods,  has  reached  a  somewhat 
similar conclusion with the use of various salts.  While, in the case of 
anesthetics,  the  electrical  resistance  of  certain  plant  cells  may  be 
increased over a  limited period of time, 7 any marked injury generally 
involves increased  permeability,  as,  for  example, in  the  experiments 
6 Trtindle, A., Bioc~m. Z., 1920, cxii, 259. 
7Osterhout, W. J. V., Injury, recovery, and death, in relation to conductivity 
and permeability, Monographs on experimental biology, J. B. Lippincott Com- 
pany, Philadelphia and London, 1922. 134  CONCENTRATION  O~"  ~£ALOGENS  IN  CELL  SAP 
of  Osterhout  s  and  Brooks  °  on  Nitella  cells.  In  our  view,  such  in- 
creased permeability may be  accompanied by a  decreased  ability to 
concentrate  substances  in  the  sap.  This  important  distinction  will 
be referred to again in the later discussion. 
The Exchange of Substances between Cell Sap and Culture Solution. 
Before giving further consideration to the accumulation of Br in the 
cell sap, it is necessary to inquire into the possibility of an exchange of 
TABLE  VII. 
Exchange of Br and Cl between Cell Sap and Culture Medium. 
Composition of original solution. 
Found in solution after [ 
contact with ceils.  Period of 
Experiment  1. 
Phosphate  buffer -[- K_Br 5.0 m.-Eq .................... 
"  "  +  KC1  5.0  "  .................... 
"  "  +  KBr 5.0  "  .................... 
"  "  +  KC1  5.0  "  .................... 
tt~.-EQ. 
3.85 
.44* 
m.-EQ. 
.68 
3.66 
1.38 
3.24 
days 
7 
43 
Experiment 2. 
buffer ~  KBr5.0m.-Eq  ......................  2.40  I  1.24  I  21  Phosphate 
I  I 
Cells kept at room temperature  in daylight.  The proportion of cells to solu- 
tion was approximately  30 gin. of the former to 600 cc. of the latter. 
The masses of ceils were composed chiefly of small, very green and turgid cells, 
practically all in healthy condition,  judged by appearance.  No evidences of in- 
jury developed during the experiment.  Similar cells kept in the phosphate solu- 
tions without C1 or Br did not lose these elements to the solution sufficiently to 
give a definite test with AgNOs. 
* The cells used in these tests had previously been exposed for several months 
to solutions containing .002 ~ KBr. 
ions between  the  cell  sap  and  the  culture  medium.  Previous work 
had shown that the contents of the sap did not appear to diffuse out 
unless  the  cells  were  injured.  When masses  of healthy  and  uncon- 
s Osterhout, W. J. V., J. Gen. Physiol., 1922-23, v, 709. 
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taminated  cells  were immersed in  a  phosphate  buffer solution,  for 
example, the test for C1 in the solution was negative or only indicated 
a very slight trace, even after the lapse of several weeks.  The same 
observation has been made with solutions containing sulfate or nitrate. 
But under exactly similar conditions, except with the substitution of 
bromide, very appreciable quantities of C1 were found in the external 
solution after from 1 to 6 weeks (Table VII), although in this time the 
cells presented no evidence of injury, judged by their appearance.  In 
the course of a  month, considerable new growth had occurred.  The 
amounts of C1 lost from the cells were of such magnitude that  they 
would have been followed by obvious signs of injury or death of the 
cells, had the loss occurred from cells exposed to solutions not con- 
taining  bromide.  Furthermore,  when  cells  which  had  previously 
accumulated a  high concentration of Br in their sap were placed in 
solutions containing chloride, Br entered the solution, but no apprecia- 
ble  amount  was  lost  to  similar  solutions  not  containing  chloride. 
For these reasons, it is very difficult to ascribe such exchanges to cell 
injury.  If injury were present, it would seem that it must have been 
too slow to account for the effects noted.  Another point to be em- 
phasized is that C1 may be lost from cells at the same time Br is being 
concentrated in the sap.  The studies on the Br and C1 content of the 
sap itself wiU now be described. 
Accumulation of Br over Various Time Intervals. 
In these experiments, Br determinations on the sap were made as 
before.  C1 was determined on the same samples and the changes in 
its concentration were estimated by obtaining the difference between 
the concentration of C1 in the sap from untreated cells  and  in  that 
from similar cells after exposure to the solutions under investigation. 
In many cases,  the  differences were comparatively large and  since 
each sample was representative of a  great many cells, the values for 
the increases or decreases of C1 concentration determined in this way 
are undoubtedly significant of loss or gain of C1 by the cell sap. 
We now desire to direct attention to Fig. 2 in which are plotted the 
changes in Br and C1 concentrations of cell sap, which occurred over 
a period of 40 days.  The cells were kept continuously illuminated and 
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average temperatures for each time interval were sufficiently alike so 
that no important fluctuations in the general trend of the curves is 
noted.  It will be observed, first, that the accumulation of Br  takes 
place in a very gradual manner and that 40 days elapsed before a condi- 
tion of apparent equilibrium was attained.  This slow accumulation 
of Br in the cell sap was very definitely accompanied by slow loss  of 
1o0  o  o 
oo 
.4  I 
ZO, 
JO 
Time  Ln  dags 
FIG. 2.  Rate of accumulation  of Br and loss of CI over period of 40 days.  Con- 
tinuous illumination.  Diffused daylight supplemented by artificial illumination 
by two 300 watt Mazda lights. 
Values averages of duplicate or triplicate experiments, agreeing usually  within 
10 per cent. Error of 25 per cent may occur with very small concentrations of Br. 
C1 until at the end of 40 days, the equivalents of CI and Br present 
in  the sap were almost equal.  At this time,  the masses of cells all 
appeared to be in a healthy condition. 
While a  loss of C1 took place, it is especially to be noted that the 
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words,  the equivalents of Br accumulated exceeded those of C1 lost 
from the cells. 
In  this  experiment,  comparison was  also  made of  solutions  con- 
taining 5 milli-equivalents and  1 milli-equivalent of KBr.  The two 
curves representing the increases in  the concentrations of Br in  the 
cell sap are not widely separated and at the conclusion of the experi- 
ment, the concentrations in the sap of the cells kept in the solution of 
1 milli-equivalent KBr and in that  of 5 milli-equivalents KBr were 
almost  the  same.  Evidently,  there  is  no  equality in the ratios of 
internal to external Br concentration with different concentrations of 
bromide present in the culture solutions.  Further data pertaining to 
this point will be presented in a later discussion. 
Recently Irwin  ~° has subjected her data on the accumulation of a 
dye  by  Nitella cells to a  mathematical  analysis  using  the  formula 
1  a 
K  =  ~ log ~-x'  in which K  is a  constant, t  time, a  concentration of 
dye in sap at  equilibrium, and x  concentration of dye at time t.  It 
was thought that some interest might attach to the application of a 
similar formula to the data plotted in Fig. 2.  (In this case, a  and x 
refer to  Br  concentrations.)  With  the  solution  containing 5  milli- 
equivalents of KBr,  a  fairly good agreement is  found between ob- 
served and calculated values of x, having in mind the difficulties of 
experimentation (Table VIII).  The number of observations on the 
solution of 1 milli-equivalent KBr concentration was too small for the 
purpose but a  lower value of K  for this solution is indicated.  With 
regard to the rate of loss of C1, a lower value of K  was obtained than 
for the accumulation of Br. 
While the formula applied by Irwin to the accumulation of dye may 
fit approximately the data for the accumulation of Br, it does not, of 
course, follow that  the two processes are necessarily similar.  There 
is a very striking difference in the time required for the attainment of 
an equilibrium condition.  In the case of the dye, this condition was 
reached in  a  few hours, while for Br 30  or 40  days was  necessary, 
even under favorable light  and  temperature conditions.  The ratio 
between the concentration of dye in the sap and in the external solu- 
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tion was found to be constant in the range studied, but such constancy 
of  ratios  is  far  from  applying  to  the  accumulation  of Br.  It  was 
concluded that the dye very possibly combines with some organic con- 
stituent of the sap.  There is no evidence that the accumulation of Br 
can be explained on the basis of organic combinations in the vacuole, 
although it may well be true that intermediate processes involve such 
combinations with some constituent of the protoplasm. 
TABLE  VIII. 
Accumulation of Br in Cell Sap of Nitella. 
(Fig. 2.) 
Calculated according to formula used by Irwin for accumulation of dyes. 
1  a  K= ~ log a  _--2--g 
k  =  constant, a, concentration of Br at equilibrium. 
x  =  concentration of Br at time t. 
a  =64.6. 
Br concentrations in milli-equivaleuts. 
st  x 
Time.  K  observed,  calculated. 
K  ~  .037 
days 
1.15 
2 
4 
6 
8 
12 
16 
20 
28 
40 
.036 
.037 
.037 
.037 
.034 
.039 
.038 
.038 
.038 
.036 
Average  ............  037 
6.1 
10.i 
18.6 
25.8 
30.4 
42.8 
48.4 
53.4 
63.2 
64.6 
6.3 
10.1 
18.7 
25.8 
31.9 
41.4 
48.1 
52.9 
58.7 
62.5 
Culture solution phosphate buffer  q- KBr, 5 milli-equivalents, same as used in 
other experiments. 
Other Reciprocal Relations  of Br and Cl. 
In connection with the displacement of C1 by Br, the question arose 
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could accumulate Br with the same rapidity as normal cells (i.e. cells 
kept in tap water).  Several experiments were made with this point 
in mind.  During an initial period of 10  to  14 days, certain lots of 
cells were exposed to a buffer solution without C1 and others to a similar 
solution to which 5 miUi-equivalents of KC1 had been added.  At the 
end of this initial period, the cells (A) which had been in the solution 
without C1 were transferred to a solution containing 5 milli-equivalents 
KBr.  A portion of the cells (B) which had been kept in the chloride 
solution were also placed in a solution containing KBr.  Another por- 
tion of the cells (C) from the chloride solution  was  transferred to a 
solution without C1 or Br.  The second period of the experiment was 
from 5 to 9 days in length.  In each experiment cells were maintained 
under the same light and temperature conditions.  At the end of the 
final periods, samples of sap were obtained from the various lots of 
cells and determinations of C1 and Br were made (Table IX). 
Attention is first called to the fact that the C1 content of the cell 
sap (C) could be increased from 30 to 40 per cent under the conditions 
described.  These and other experiments suggest, however, that the 
accumulation of additional C1 is less rapid than the accumulation of 
Br.  The second important observation is that the cells (B) which had 
previously had their C1 concentration increased accumulated a much 
smaller amount of Br than did the cells (A) which had a normal C1 
content in the sap at the time they were placed in the bromide solution. 
In the latter cells,  a  considerable concentration of Br was attained 
without  anything like  an  equivalent  displacement of  C1,  but  the 
accumulation of Br by the cells with the initially higher C1 concentra- 
tion was at the expense of a  nearly equivalent displacement of C1. 
The cells behaved as though the total halogen content could be in- 
creased to a  certain point, after which accumulation of halogens oc- 
curred only as a  result of exchange or displacement.  The  consist- 
ent  data  obtained in three independent experiments under different 
conditions, seem to warrant these statements. 
Conduaid~y Data. 
If the total electrolyte content of the cell sap can be increased, we 
should be able to show that increases in conductivity also occur.  In 
order to determine the extent of such changes, a special conductivity TABLE  IX. 
Retarding  Effect  of Preliminary  Accumulation  of Cl on  Subsequent  Accumulation 
of ]3r. 
Concentra- [ Concentra- 
Culture solutions (a).  fion of C1  tion of Br  Light and temperature  conditions. 
in celt sap.  in cell sap. 
Experiment  I. 
A.  Period 1, no CI or Br added. 
"  2, KBr, 5 m.-Eq. 
B.  "  1, KCI, 5  " 
"  2, KBr, 5  " 
C.  "  1, KC1,5  " 
"  2, no C1 or Br added. 
m.-EQ. 
97.2 
122.0 
137.5 
m.-EQ. 
32.0 
13.8 
Period  1,  14 days; Period 2, 
9  days.  Continuous  il- 
lumination (b). 
Same conditions. 
Experiment  2. 
A.  Period 1, no C1 or Br added. 
"  2, KBr, 5 m.-Eq. 
B.  "  1, KC1,5  " 
"  2, KBr, 5  " 
C.  "  1, KC1, 5  " 
"  2, no C1 or Br added. 
103.0 
117.5 
141.0 
40.1 
22.7 
Period  1,  10 days; Period 2, 
5  days.  Continuous  il- 
lumination (c). 
Same conditions. 
gg  ¢g 
Experiment  3. 
A. Period 1, no CI or Br added. 
"  2, KBr, 5 m.-Eq. 
B.  "  1, KC1,5  " 
"  2, KBr, 5  " 
C.  "  1, KC1, 5  " 
"  2, no C1 or Br added. 
101.5 
129.5 
137.2 
22.4 
10.9 
Period 1,  10 days; Period 2, 
6  days.  Continuous  il- 
lumination (d). 
Same conditions. 
All experiments  carried out in duplicate, with agreement within  10 per cent of 
total value, except in one case.  Average values given. 
(a)  Phosphate buffer solutions  4-  5 milli-equivalents KBr or KC1, as indicated. 
pH approximately  5.4 
(b)  Illumination  by  two  300  watt  lamps  placed  about  2  feet  above jars,  in 
addition to diffused daylight.  Temperature average 20-22°C. 
(c)  3 days illumination as in b, remainder of first period and all of second period 
illumination  by  six  300  watt  lamps  in  light  chamber.  Temperature  average, 
18-20°C. 
(d)  First period in light chamber  as in c; second period illumination as in b. 
The CI content of the untreated cells was as follows: 
Experiment 1-101  miUi-equivalents. 
"  2-103  " 
"  3-108  " 
140 TABLE  X. 
Comparison of Conductivities of Normal Cell Sap  and  Sap from Cells Exposed 
to Solutions Containing KBr. 
(Phosphate buffer solutions with 5 milli-equivalents KBr.) 
Collection 
of cells. 
B 
B 
B 
C 
C 
C 
C 
D 
D 
D 
D 
E 
E 
E 
E 
E 
Conditions of exposure. 
6 hrs. continuous illumination (1). 
6 days, same conditions  (1). 
9  ......  (1). 
(KBr, 20 m.-Eq.) 
No treatment. 
10 days (7 days intermittent and 
3 days continuous illumination). 
17 days daylight (3). 
38  "  continuous  illumination 
(4). 
No treatment. 
10 days (4 days daylight and 6 
days continuous  illumination) 
(5). 
9 days continuous illumination 
(6). 
19 days daylight (7). 
No treatment. 
16 days continuous  illumination 
(8). 
18 days continuous  illumination 
(9). 
20 days continuous  illumination 
(10). 
5 days continuous  illumination 
(11). 
Percentage 
decrease in 
resistance. 
21 
23 
19 
10 
24 
31 
21 
20 
19 
28 
21 
28 
(1)  Continuous illumination by two 300  watt lamps, suspended about  1  foot 
above jars.  Temperature 22-26£°C. 
(2)  7  days,  diffused  daylight,  supplemented  by two  300  watt  lamps  during 
periods of 7-8 hrs.; 3 days light on at night also.  Temperature  20-25°C. 
(3)  Diffused daylight only.  Temperature average approximately,  20°C. 
(4)  Diffused  daylight  in  addition  to  continuous  illumination  with  two  300 
watt lamps, 2 feet above jars.  Average temperature 20-22°C. 
(5)  Diffused daylight and illumination during 6 nights by two 300 watt  lamps, 
1 foot above jars. 
(6)  Same conditions as in (4). 
(7)  Diffused daylight only.  Room temperature. 
(8)  Same conditions as in (4). 
(9)  Illumination by six 500 watt lights, light chamber.  Average  temperature 
approximately 20°C. 
(10)  Same conditions as in (4). 
(11)  ........  (9). 
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cell was constructed for use with slightly less than  1 cc. of cell sap. 
Conductivity determinations were made in various experiments and 
certain typical data are given in Table X.  In every case in which Br 
accumulated to any great extent a significant increase of conductivity 
occurred.  These increases varied from 10 to 31 per cent, based on the 
values  for  sap  from untreated  cells.  In  certain  instances,  the  in- 
creases of  conductivity were of a  magnitude very similar  to  those 
which would  be  obtained  by  adding  to  normal  sap  an  equivalent 
amount of KBr, but in other cases, the increase is decidedly less than 
would correspond to this condition, as might be expected, considering 
that  C1 ions have been displaced.  Unpublished data indicate  that 
an exchange of bases, especially sodium for potassium, may also occur 
under  some  circumstances.  If  these exchanges are taken into  con- 
sideration,  there  is  nothing  in  the  conductivity  data  to  suggest 
that  an  appreciable  amount  of Br  has  been  organically combined. 
Other  reasons for this view, previously discussed in connection with 
the chloride content of the sap also apply to the bromide content. 
While the quantitative responses of different lots of cells collected 
at different times of the year are not exactly the same, there are one or 
two general relations which are strongly suggested by the available 
data.  In several experiments, a large accumulation of Br took place 
with little or no loss of C1.  In these cases, the light and temperature 
conditions were very favorable to the accumulation and a high con- 
centration of Br  was  attained in  the  cell sap  in  a  relatively short 
period  of  time.  In  comparing  two  specific experiments  conducted 
under different conditions, we note that in 6  days, with a  high  in- 
tensity of continuous illumination, 37.8  milli-equivalents of Br were 
accumulated with a  loss of 3.2  milli-equivalents of C1.  In the other 
experiment, with diffused daylight alone, and with a  lower tempera- 
ture,  17  days were required to  accumulate 33.4  milli-equivalents of 
Br and the loss of C1 was 22.1 milli-equivalents.  While these relations 
can only be suggested at the present time, it is evident at least that 
a  gain of Br and loss of C1 do not proceed necessarily at  the same 
rate and that light,  temperature, and time are important factors in 
all processes. 
It cannot be proved, of course, that exchanges of ions are, strictly 
speaking,  involved.  Since  it  is  also  possible  that  cations  may  be D.  R.  HOAGLAND,  P.  L.  HIBBARD,  AND  A.  R.  DAVIS  i:~3 
displaced, as well as anions, it could be assumed, for example, that 
KBror K andBr ions entered the cell and that NaC1 or Na and C1 ions 
left the cell.  However, the course of events is  certainly more com- 
plex than this statement would imply. 
There are various  other data which can be  discussed later when 
certain additional experiments have been made, but a few preliminary 
observations  may be  made now  incidentally.  With  regard  to  the 
effects of hydrogen ion concentration on the accumulation of Br, our 
present results do not show that these effects are the same as those 
obtained  in  the  studies  on  nitrate,  which accumulates much more 
slowly than  Br.  The influence of  certain  other anions  on  the  ac- 
cumulation of Br is striking, and in single salt solutions, the nature of 
the cation plays a very important r61e. 
DISCUSSION. 
In most of the investigations on the absorption  of substances by 
plant cells, the latter are assigned a more or less passive r&le and the 
principal conclusions are concerned with explanations of alterations of 
permeability  occurring  under  diverse  conditions.  This,  however, 
can be only a partial view of the situation.  From the point of view 
of the growth and nutrition of the plant, it is highly essential to em- 
phasize the ability of the cell to concentrate, or, in the sense of the word 
as recently employed by Osterhout,  to accumulate substances in its 
interior.  All the evidence now available shows that it is possible for 
certain inorganic elements to be taken out of a  dilute solution and 
stored  in  a  solution  of much higher  concentration inside  the  cell. 
It is true that such processes may take place relatively slowly, but, 
nevertheless, often at an appreciable rate, as we have shown with re- 
gard to  C1 and Br.  In most physiological experiments which have 
been reported, no adequate idea of the intake of inorganic elements by 
plant  cells has  been  obtained because  the  time intervals  employed 
were too short. 
The ability of living cells to concentrate substances has, of course, 
been recognized by various writers and in this  connection, it seems 
worth while  to  quote  the following from a  recent book by Lillie:  11 
u Lillie, R. S., Protoplasmic action and nervous action, University of Chicago 
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"But since these compounds (crystalloidal compounds) do, in fact, gain en- 
trance to the cell, at least at certain times, it is clear that the problem of cell per- 
meability is not a simple one.  Apparently,  we must conclude that the entrance 
or exit of substances by simple diffusion  is, in most cases, a different phenomenon 
from their entrance, or exit, under physiological conditions.  The processes of 
absorption and secretion are, in fact, special activities, requiring the performance 
of work by the cell.  The distinction between a passive or purely physical per- 
meability and an active or physiological  permeability thus seems to be a neces- 
sary one." 
In  view  of  the  importance of such  distinctions, it  is  regrettable 
that the term permeability has been used to describe so many types of 
phenomena.  The general adoption of the  term  "accumulation" to 
designate certain processes, as in the recent usage of Osterhout, might 
serve to clarify discussion. 
The experimental data presented in this article seem to offer definite 
evidence that light is an essential factor in the accumulation of Br or 
C1 by Nitella cells.  Blackman and Paine, Trrndle, Lepeschkin  TM and 
several  others,  have  described  the  effects of light  on  permeability, 
but in these investigations,  the methods were indirect and permeability, 
as such, was the chief point of interest.  Results such as we have ob- 
tained cannot be explained by the statement that light simply increases 
cell permeability.  Light  obviously contributes  energy to a system, 
and it would seem necessary to assume that this energy, which, under 
appropriate conditions can be stored, may be utilized to bring about 
a movement of solutes from a  region of low concentration to one of 
higher concentration. 
In our earlier work, which has been confirmed, we found that  C1 
did not diffuse out of uninjured cells into the various types of solution 
which were tried, and it was questioned whether such outward move- 
ment of C1 could take place in the absence of injury.  It now seems 
certain that an exchange of Br for C1 may take place (or its equivalent), 
and present  information would not point  to injury as  the primary 
cause of the exchange, which seems to occur to an appreciable extent 
only with elements which  can  be  absorbed  or  accumulated by  the 
cell with relative rapidity.  Notwithstanding the existence  of  such 
exchange phenomena, Br and C1 can both accumulate in the cell in 
12 See review by Stiles, W., Permeability, Wheldon and Wesley,  London, 1924. D.  R.  HOAGLAND,  P.  L.  HIBBARD,  AND  A.  R.  DAVIS  145 
concentrations  much higher  than  those present in the external  solu- 
tion, so that our views with regard to concentration gradients are not 
altered, but only extended. 
It is now of interest to consider the suggestions recently advanced by 
Osterhout 13,14  to  the  effect that  ions  may not be able  to penetrate 
living  protoplasm, but  that penetration  is  confined  to  undissociated 
molecules.  We have been accustomed to assuming,  in  dealing  with 
solutions of strong electrolytes such as those used in the experiments 
on Nitella, that the interpretation  of the results could best be made in 
terms  of  ions.  The  dilute  character  of  the  solutions,  existence  of 
exchange phenomena apparently involving ions,  the influence of one 
ion on the absorption of another, are some of the reasons which would 
seem to favor an interpretation in terms of ions, as far as the particular 
phenomena we have been investigating are concerned. 
It  is  very possible  the  experiments  carried  out  by Osterhout  on 
certain  chemical systems are not inconsistent  with an hypothesis of 
ionic penetration as supplied to other systems.  In his studies on the 
absorption of H2S and CO2 by Valon:~a, evidence was found that  the 
equilibria  between  the  sap  and  the  sea water medium  could be ex- 
plained most logically on the basis that ions could not penetrate the 
cell.  The question then arises whether the failure of the ions of the 
H2S and CO2 systems to penetrate necessarily implied that Br and C1 
ions cannot do so.  While the question is not now capable of a definite 
answer,  several  points  of  difference  between  the  experiments  with 
HaS and CO2, and the experiments with Br and C1 should be noted. 
In the first place, the time periods involved are very much longer in 
the latter  case,  so that  opportunity  would be afforded for  the very 
slow entrance of ions.  In the case of the studies on H~S, with  Valonia 
it was not found that  a  higher  concentration  of sulfide was attained 
inside the cell than outside, while Nitella cells show a  marked  ability 
to concentrate Br or C1 in  the  sap.  Then,  in the H,S  and  COs sys- 
tems, gaseous components were present, and  it is  quite possible that 
these  were  involved  in  such  a  way  as  to  make  it  very  uncertain 
whether  any  direct  comparison  can  be  made  between  the  results 
18 Osterhout, W. J. V., and Dorcas, M. J., J. Gen. Physiol.,  1925-26, ix, 255. 
14 Osterhout, W. J. V., J. Gen. Physiol., 1925-26, viii, 131. 146  CONCENTRATION  OF HALOGENS  IN CELL  SAP 
obtained  with  C1 and  Br,  and  those with  COs  and  H2S.  Still  an- 
other  point  of  difference  is  found  in  the  temperature  coefficient. 
Osterhout found a low coefficient for the entrance of H2S, while in our 
experiments the coefficient for the accumulation of Br is of the order of 
magnitude of a  chemical process. 
Looking at the whole question from another point of view, it is not 
certain that we are now in a position to decide whether we are dealing 
with undissociated molecules or with ions,  for the reason  that inter- 
mediate chemical compounds may be formed,  the' chemical nature of 
which is unknown.  If combinations of this sort are, in fact, involved, 
information  concerning  their  character  and  the  energy  relations  of 
their formation or dissociation would appear to be indispensable to an 
understanding  of the mechanism  of penetration  of those substances 
which can accumulate in the cell sap of plants.  It will also be neces- 
sary to determine whether these phenomena are concerned at all with 
electrical potential differences.  In any case, the energy relations im- 
plied  in  the  ability  of  living  plant  cells  to  concentrate  substances 
require consideration irrespective of the mechanism of accumulation. 
CONCLUSIONS. 
1.  By the use of a  special analytical technique it has been possible 
to study the accumulation of halogens in the cell sap of Nilella. 
2.  From a  dilute solution, Br may be accumulated in the sap in a 
concentration  much greater than  that of the external  solution.  The 
conductivity of the sap may be markedly increased by such accumula- 
tion.  The process is a  slow one so that  a  month  or  more  may  be 
required to approach equilibrium. 
3.  C1 may be lost from the cell as a  result of the accumulation  of 
Br and vice versa.  Other reciprocal relations between  C1 and Br are 
indicated. 
4.  At equilibrium  practically  as  much  Br accumulated in the sap 
with an  external  solution  containing  1  milli-equivalent  of  Br  as 
with  one  containing  5  milli-equivalents. 
5.  Light  energy  was  indispensable  to  the  accumulation  of  Br. 
The  temperature  coefficient was characteristic  of a  chemical process. 